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New recent experimental a-decay half-lives have been compared with the results obtained from 
previously proposed formulae depending only on the mass and charge numbers of the a emitter and 
the Q a value. For the heaviest nuclei they are also compared with calculations using the Density- 
Dependent M3Y (DDM3Y) effective interaction and the Viola-Seaborg-Sobiczewski (VSS) formulae. 
The correct agreement allows to provide predictions for the a decay half-lives of other still unknown 
superheavy nuclei from these analytic formulae using the extrapolated Q a of Audi, Wapstra and 
Thibault 



PACS numbers: 23.60.+e, 21.10.Tg 



The a decay process was described in 1928 @, 0] in 
terms of a quantum tunnelling through the potential bar- 
rier separating the mother nucleus energy and the total 
energy of the separated a particle and daughter nucleus. 
To describe the a emission two different approaches have 
been developed. The cluster-like theories suppose that 
the a particle is preformed in the nucleus with a certain 
preformation factor while the fission-like approaches con- 
sider that the a particle is formed progressively during 
the very asymmetric fission of the parent nucleus. The 
experimental investigation cannot unambiguously distin- 
guish these two formation modes. However the possi- 
ble one-body configurations play a minor role since in 
the quasi-molecular decay path investigated in the a de- 
cay process the potential barrier is governed by the bal- 
ance between the repulsive Coulomb forces and the at- 
tractive proximity forces and the Q a value; consequently 
the barrier top is more external and lower than the pure 
Coulomb barrier and corresponds to two separated frag- 
ments. The difference between the two approaches ap- 
pears mainly in the way the decay constant is determined. 
In the unified fission models 0, Q the decay constant A 
is the product of the constant assault frequency vq and 
the barrier penetrability P while in the preformed clus- 
ter models [g, 0] a third factor is introduced : the cluster 
preformation probability Pq. 

Before the theoretical explanation and description of 
the a decay process, Geiger and Nuttal [8| observed a 
dependence of the a decay partial half-life T ^% a on the 
mean a particle range for a fixed radioactive family and 
Geiger-Nuttal plots are now an expression of logioT a as 
a function of ZQ~ 1 /' 2 . Since, different new relations have 
been proposed [f| H, EH EH, EH EH to calculate logioT a 
from the measured kinetic energy of the a particle via 
E a = QaAd/ {A a + Ad) or from Q a given or extrapolated 
from mass formulae or tables. 



Recently, isotopes of the elements 112, 113, 114, 
115, 116 and 118 have been synthetized in fusion- 
evaporation reactions using 209 Bi, 233 > 238 u, 242 ' 244 Pu, 
243 Am, 24 5^48 Cm and 249 Cf targets with 48 Ca and 
70 Zn beams and observed via their a decay cascades 
0, El EI El EI El EJ- These recent experimen- 
tal results have led to new theoretical studies on the a 
decay; for example within the relativistic mean field the- 
ory [2l|, the DDM3Y interaction 1221 [23jl . the general- 
ized liquid drop model (GLDM)_]2J, [25| and Skyrme- 
Hartree-Fock mean- field model [2(j. The predicted half- 
lives against a decay of these transuranium nuclei ob- 
tained with a semiempirical formula taking into account 
the magic numbers have also been compared with the 
analytical superasymmetric fission model results and the 
universal curves and the experimental data (l3T |. 

In previous studies [1 both theoretical descrip- 
tion and analytical formulas were presented for the a 
emission. Within a generalized liquid drop model in- 
cluding the proximity effects between the a particle and 
the daughter nucleus and adjusted to reproduced the ex- 
perimental Q value the a emission half-lives were de- 
duced from the WKB barrier penetration probability as 
for a spontaneous asymmetric fission. The RMS devia- 
tion between the theoretical and experimental values of 
logioT a was 0.63 for a data set of 373 emitters having 
an a branching ratio close to one and 0.35 for the sub- 
set of 131 even-even nuclides. A fitting procedure led to 
the following empirical formulas respectively for the 131 
even(Z)-even(N), 106 even-odd, 86 odd-even and 50 odd- 
odd nuclei . A and Z are the mass and charge numbers of 
the mother nucleus. The rms deviation are respectively 
0.285, 0.39, 0.36 and 0.35. 



^0510 pi /2 (s)] = -25.31 - 1.1629.4 1/6 \/Z 



logw [Ti /2 (s)] = -26.65- 1.0859A 1/6 \/Z 



1.5864Z 



(1) 
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logio [T1/2OO] = -25.68- l.U23A 1/6 y/Z- 



1.592Z 



(3) 



logw[T 1/2 (s)] = - 29.48 -1.1 13 ^Vl+i^. (4) 



Since new a decays have been observed and their 
partial a decay half-lives Tf/?* Q have been measured 

m in m m m he hi s m iii. Th ey 

are compared in the Tables 1 and 2 with the calculated 
values from the above-mentioned formulae using the mea- 
sured Q a values. The table 2 displays also the results 
obtained with the DDM3Y effective interaction [22|, [23| , 
the GLDM 0, H3] and the Viola-Seaborg formulae with 
Sobiczewski constants 0, [Io[ . 

A quite good agreement appears in the table 1 in the 
whole mass range confirming the accuracy of the formu- 
las (1-4) and their usefulness for new predictions. The 
table 2 focuses on the heaviest elements for which the 
uncertainties both on the experimental Q value and a de- 
cay half-lives are larger since only some a cascades have 
been observed. The results obtained with the DDM3Y 
effective interaction agree with the experimental data as 
the ones calculated from the GLDM and largely bet- 
ter than the VSS calculations which give systematically 
longer half-lives. This shows that a GLDM taking ac- 
count the proximity effects, the mass asymmetry and 
quasi-molecular shapes is sufficient to reproduce the a 
decay potential barriers when the experimental Q a value 
is known and proves that the double folding potential 



obtained using M3Y effective interaction supplemented 
by a zero-range potential for the single-nucleon exchange 
is also very appropriate to describe the a decay process. 
The DDM3Y results are on an average slightly larger 
than the experimental data while the GLDM values are 
slightly lower than the measured values. The values ob- 
tained using the formulae (1-4) and, then, only A, Z and 
Q a are close to the values derived from the DDM3Y inter- 
action and in agreement with the still rough experimental 
data. The fact that the partial a decay half-lives of these 
superheavy elements follow these simple formulae seems 
to prove that the experimental data are consistent with 
the formation of a cold and relatively compact composite 
nuclear system. The shell effects are implicitly contained 
in the Q a value but difficult to disentangle. 

Thus predictions of the partial a decay half-lives of 
still unknown superheavy nuclei within the formulas (1- 
4) seem reliable and are displayed in the table 3. The val- 
ues obtained using the GLDM and the VSS expressions 
are also given for comparison. The assumed a decay en- 
ergies are calculated from the atomic mass evaluation of 
Audi et al. Q since the agreement with the experimental 
data on the mass of the known heaviest elements is very 
satisfactory, ft may be useful for future experimental 
assignment and identification. 

In conclusion, formulae already presented to determine 
the partial a decay half-lives have been checked on new 
experimental data in the whole mass range and the cor- 
rect agreement allows to provide predictions for the par- 
tial a decay half-lives of still unknown superheavy nuclei. 
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TABLE I: Comparison between recently known experimental a decay half- lives and results obtained with the formulae (1-4). 



Nucleus 


Qr p *(MeV) 


rp expt f n. 
1 1/2, a\ b ) 


rp Formulae ( \ 
1 1/2, a \ S ) 


Nucleus 


Q^ pt (MeV) 


rp expt f s 

1 i/2, a y b ) 


rp Formulae / \ 
1 1/2, a \ S ) 


iub Tg 


4.900(0.050) 


0-70+ u 'f 7 x 10 _b 


0.37+^ x 10"° 


lbb Er 


3.486 


2.3xlO iu 


1.6xlO IU 


158 Yb 


4.172 


4.3xl0 6 


2.7xl0 6 


ieo Hf 


4.902 


1.9xl0 3 


1.9xl0 3 


174 Hf 


2.497 


6.3xl0 22 


4.55xl0 23 




6.6i2t° : ™ 


1.5+| x 10~ 3 


1.2llg;°§ x 10- 3 


168 W 


4.507 


1.6xl0 6 


3.1 xlO 6 


162 Os 


6.767tHo3 


1.9l 2 x 10 -3 


2.33±S:81 x 10~ 3 


164 0s 


6.475 


4.2xl0 -2 


2.2xl0~ 2 


166p t 


7.286 


3.0xl0~ 4 


2.85xl0 -4 


168p t 


6.997 


2.0xl0~ 3 


2.2xl0 -3 


170p t 


6.708 


1.4xl0~ 2 


2.0xl0 -2 


172 Hg 


7.525 


4.2xl0~ 4 


2.7xl0~ 4 


174 Hg 


7.233 


2.1xl0 -3 


2.0xl0~ 3 


188 Hg 


4.705 


5.3xl0 8 


2.0x10 s 


178p b 


7.790 


2.3xl0 -4 


2.1xl0~ 4 


180p b 


7.415 


5.0xl0~ 3 


2.75xl0 -3 


184p b 


6.774 


6.1xl0 _1 


3.6xl0 _1 


186p b 


6.470 


1.2X10 1 


4.7x10° 


188p b 


6.109 


2.7xl0 2 


1.3xl0 2 


190p b 


5.697 


1.8xl0 4 


8.7xl0 3 


192p b 


5.221 


3.6xl0 6 


2.1 xlO 6 


194p b 


4.738 


9.8xl0 9 


1.3xl0 9 


188p 




4.0+ 2 ; ; x 10- 4 


l.lt°;l? x HP 4 


189p 


7 7nq+ - 020 

1 ■ l U'J-0.020 


5.0+.} x 10" 3 


3.0i°; 4 x lO' 3 


190p o 


7.693 


2.5xl0 -3 


1.5xl0 -3 


192p 


' - o± ^ — oil 


2.9±o f x 10~ 2 


2.2+°- 2 x 10~ 2 


210p o 


5.407 


1.2xl0 7 


1.0x10 s 


196 Rn 


7filfi +0.009 
' - olo -0.009 


4.4± ;| x 10~ 3 


Lsetfcg x 10- 2 


198 Rn 


7.349 


6.5xl0~ 2 


9.56xl0" 2 


202 Ra 


8.020 


2.6xl0 -3 


3.63xl0 -3 


204 Ra 


7.636 


5.9xl0~ 2 


5.5xl0" 2 


210 Th 


8.053 


1.7xl0~ 2 


1.3xl0 -2 


212 Th 


7.952 


3.6xl0 -2 


2.4xl0~ 2 


218 u 


770+0.009 

°- ' ' J -0.009 


5.iti:5 x 10- 4 


4.0+ ,' 2 x 10- 4 


220jj 


10.30 


6.0xl0~ 8 


5.8xl0~ 8 


224 u 


8.620 


7.0xl0 -4 


8.2xl0~ 4 


226 jj 


7.701 


5.0xl0 _1 


5.67xl0 _1 


228p u 


7.950 


2.0X10- 1 


5.13xl0 _1 


230p u 


7.180 


l.OxlO 2 


2.71 xlO 2 


238 Cm 


6.62 


2.3xl0 5 


3.3xl0 5 


258 No 


8.151 


1.2xl0 2 


5.4X10 1 


258 Rf 


9.25 


9.2xl0~ 2 


1.03xl0 _1 


260 Rf 


8.901 


1.0x10° 


1.0x10° 


266 Hs 


10.34 


2.3xl0~ 3 


2.1xl0~ 3 


270 Hs 


9.02 


2.2X10 1 


1.03X10 1 


270 Ds 


11.2 


1.0xl0~ 4 


6.7xl0~ 4 


282 113 


10.63 + °;°t 


7.3^ x 10" 2 


4.271 2 ; 8 x 10~ 2 



TABLE II: Comparison between recent experimental a decay half-lives and results obtained with the DDM3Y effective inter- 
action [HUll, the GLDM [IHH, the formulae (1-4) and the VSS expressions [IBU- 



Nucleus 


QST pt (MeV) 


rp expt 
1/2, a 


rp DDM3Y 
1 1/2, a 


rp GLDM 
1 1/2, a 


rp Formulae 
1 1/2, a 


rp VSS 

1/2, a 


294 118 


11.81 ±0.06 


1.8± 75 3 ms 


0.66±o;?g ms 


0.15±g;gS ms 


0.39±g;if ms 


0.64+.0 1 ; 24 ms 


293 116 


10.67 ±0.06 


53t?g ms 


206l 9 i' ms 


22.81± 7 of ms 
10.45l|-^ ms 


308+ g f ms 


1258i|g4 ms 


292 n6 


10.80 ±0.07 


18+ 6 6 ms 


39+. 20 , ms 


27±^ 4 ms 


49t 2 g ms 


391 U g 


10.89 ±0.07 


6.3+^ 5 6 ms 


60.4t^; 2 ms 


6-35±l; 'l ms 


89t 4 o ms 


336.4+i 7 ^' 4 ms 


290 116 


11.00 ±0.08 


15+ 26 ' ms 


13.4 4 ; 7 ' 7 ms 


3.47+ 4 99 ms 


8.9±|J ms 


15.2l 9 5 ° ms 


288 115 


10.61 (6) 


87 tlf ms 


409 ms 


94.7+ 41 ; 9 ms 


582t% 8 7 ms 


997+303 ms 


287 115 


10.74 (9) 


32+lf ms 


49 ms 


46.0+^'J ms 


53+1 ms 


207+g 49 ms 


289 114 


9.96 ± 0.06 


2.7t : 4 7 ■ 


3.8tl 8 2 s 


0.52t°;f 7 s 


6-i±|:| 3 s 


26.7+g 3 7 1 s 


288 114 


10.09 ±0.07 


0.8±g;?l s 


0-67+oi 7 . s 


22+ 012 s 

u - zz -0.08 b 


0.52 Q 29 s 


o.mtUt s 


287 114 


10.16 ±0.06 


□.5i±S:iS « 


, 10+0.52 

± - ±o -0.40 b 


0-16±g °| s 


1 7 q+o:85 

L - ' 3 -0.57 h 


7-24±l; 4 ? s 


286 114 


10.35 ±0.06 


o.i6lg;S b 


u - i4 -0.04 b 


0.05+ ,; , 2 s 


11+ 05 S 
u - 1J --0.03 b 


o.i9±S:SI b 


284 113 


10.15 (6) 


0A8 +0 Q i s 7 s 


1 rr+0.72 
J - oo -0.48 ° 


0A3±°:ll s 


2 4+ 1 ' 2 s 

z -^-0.80 b 


4.13+i 94 s 


283 113 


10.26 (9) 


100+f° ms 


201.6t^ 4 7 9 ms 


222+.96 2 ms 


234+^8 ms 


937±I i ms 


285 112 


9.29 ±0.06 


34+^ s 


75_ 26 s 


13.22± r 4 il s 


127t 6 4 9 s 


592 20T ^ 


283 1 


9.67 ±0.06 


4.0t£;? s 


5.9+ 2 - 9 s 




9-6± 4 ;l s 


41.3+f 3 ' 9 s 


280 111 


9.87 (6) 


3.6 + 4 - 3 s 


± ' 3 — 0.6 B 


0-69±g;ll s 


1+1.6 
°- L -1.05 b 


5.70l 2 ; 74 4 s 


279 111 


10.52(16) 


170+|£° ms 


9.6+* 4 7 8 ms 


12.4+ 7 9 6 9 ms 


10.9lg 7 7 8 ms 


45.3iP;gms 


279 110 


9.84 ±0.06 


0-18±8;°l s 


o.4o+8:ii s 


0.08t°;° 4 s 


0.65±g : li s 


2.92^0 s 


276 109 


9.85 (6) 


0.72lg; 87 s 


0-45+ ,; 23 s 


n 10+0.O8 

u - 13 -0.06 ° 


0.65tg; 33 s 


1 44+0:68 


275 109 


10.48 (9) 


9.7+f 4 ms 


2.75+1 09 ms 


4.0+jj ms 


3.2+? | ms 


13.7+11 ms 


275 108 


9.44 ± 0.07 


1 Cj+0.27 


1 09+ 73 s 


0.27+H s 


1 9 +i:2 s 


8.98+4H s 


272 107 


9.15 (6) 


Q-Stl 1 , 7 s 


io.i+j: 4 s 


5-12_i.5g s 


17.6+i° 4 2 s 


33.81 1 !; 9 s 


271 106 


8.65 ±0.08 


2.4± 4 ; 3 min 


l-0lg-J min 


0.33tg; 2 ^ min 


1.8± | min 


8.6tH min 
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TABLE III: Predicted a-decay half-lives using the GLDM, the formulae 
taken from the extrapolated data of Audi et al. 



1-4) and the VSS formulae. The a decay energies are 



Q 



rpGLDM 



form. 
1/2 



/2 



Q 



rpGLDM 
1 l/2 



T 



form. 

Ill 



I? 



/2 



Q 



rpGLDM 
1 l/2 



T 



form. 

HI 



n 



208 

lis 

291 
115 
_>80 
115 
285 
114 
288 
111 
281 
112 
280 
112 
27') 
lO'l 
278 
110 
277 
111 
277 
108 
270 
108 
274 
111 
274 
108 
278 
110 
278 
107 
272 
108 
271 
100 
270 
110 
270 
107 
20!) 
100 
200 
100 
208 
100 
20S 
100 
207 
110 
207 
107 
207 
104 
200 
107 
205 
100 
205 
104 
20 4 
105 
208 
107 
202 
107 
202 
104 
201 
105 
250 
100 
258 
100 
257 
105 
250 
104 
254 
104 



12.30 

10.00 

10.60 

11.00 

8.96 

10.28 

10.62 

8.70 

10.00 

11.18 

8.40 

8.80 

11.60 

9.50 

11.37 

8.90 

10.10 

10.14 

11.20 

9.30 

10.53 

8.80 

10.73 

8.40 

12.28 

9.37 

7.80 

9.55 

11.07 

7.78 

8.66 

10.08 

10.30 

8.49 

9.22 

9.83 

9.67 

9.23 

8.93 

9.38 



77 /is 
4.33 s 
97.4 ms 
5.1 ms 
6.01 min 
0.102 s 

13.3 ms 
10.35 min 
148.5 ms 
0.323 ms 

49.7 min 
131 s 

41.4 fj,s 
0.92 s 
0.067 ms 

28.8 s 
21.7 ms 

37.5 ms 
0.199 ms 
2.0 s 
3.75 ms 
32.5 s 
1.28 ms 
12.1 min 
1.3 /is 
1.33 s 
315 min 
0.41 s 
0.223 ms 
6.58 h 
46.1 s 

15.5 ms 
4.42 ms 

82.6 s 
0.96 s 
39.4 ms 
114 ms 
1.0 s 
3.78 s 
181 ms 



187 /is 

4.8 s 
113 ms 
12 ms 
5.5 min 
0.2 s 

25.4 ms 
7.72 min 

51.8 ms 
0.28 ms 
65.25 min 
40.6 s 
88.1 fis 
0.3 s 
0.11 ms 
21.1 s 

6.9 ms 

29.9 ms 
0.067 ms 
6.25 s 
3.12 ms 

37.5 s 
3.07 ms 
3.4 min 

1.57 /is 
0.97 s 
306 min 
1.21 s 
0.178 ms 

6.58 h 
154 s 

11.6 ms 
9.51 ms 
20.6 s 
0.60 s 
50.5 ms 
36.1 ms 
0.67 s 
1.04 s 
51.9 ms 



592 /is 
21.9 s 
482 ms 
44.6 ms 
25.73 min 
0.786 s 
8.62 ms 
36.32 min 
89.8 ms 

I. 073 ms 
330.3 min 
75 s 

258 fis 
0.51 s 
0.39 ms 

92.8 s 

10.9 ms 
105.6 ms 
0.083 ms 

II. 9 s 
10.25 ms 
167.9 s 
7.15 ms 
5.1 min 
4.4 /is 
3.36 s 
1494 min 
2.21 s 
0.498 ms 
29.65 h 
232 s 
34.9 ms 
20.5 ms 
27.9 s 
1.92 s 
152.3 ms 
36 ms 

1.8 s 

1.09 s 
50.5 ms 



202 
117 
200 
115 
287 
118 
285 
118 
282 
112 
281 
111 
2X0 
111 
278 
112 
278 
100 
277 
110 
270 
111 
275 
111 
274 
110 
274 
107 
278 
100 
272 
110 
272 
100 
271 
108 
270 
100 
270 
100 
20!) 
108 
200 
105 
208 
108 
208 
105 
207 
100 
207 
100 
200 
100 
200 
105 
205 
107 
204 
107 
204 
104 
208 
105 
202 
100 
201 
107 
200 
107 
250 
105 
258 
105 
257 
104 
255 
105 
258 
104 



11.60 

10.30 

9.34 

10.02 

9.96 

9.64 

9.98 

11.38 

9.10 

10.30 

11.32 

11.55 

11.40 

8.50 

10.82 

10.76 

8.30 

9.90 

10.35 

9.10 

9.63 

8.40 

9.90 

8.20 

10.87 

8.64 

10.996 

8.19 

9.77 

9.97 

8.14 

9.01 

9.60 

10.56 

10.47 

9.62 

9.48 

9.04 

9.72 

9.55 



1.30 ms 
0.62 s 
102 s 
0.99 s 
0.772 s 
3.12 s 
0.335 s 
0.223 ms 
31 s 

23.1 ms 
0.157 ms 
51.5 /xs 
55.5 fxs 
9.94 min 
0.61 ms 
1.97 ms 
24.9 min 

79.2 ms 
10.7 ms 
3.59 s 
0.48 s 
4.96 min 
85.7 ms 
25.4 min 
0.61 ms 
1.9 min 
0.32 ms 
29.0 min 
99.7 ms 
29.9 ms 
19.2 min 

3.65 s 
160.4 ms 
1.04 ms 
1.77 ms 

69.0 ms 
0.18 s 

1.66 s 
42.9 ms 

63.1 ms 



6.47 ms 

4.2 s 

99.4 s 

1.0 s 
0.297 s 
2.72 s 
1.43 s 
0.083 ms 
143 s 

39 ms 
0.39 ms 

42.3 /is 

19.5 /is 
48.45 min 
0.5 ms 
0.697 ms 
6.38 min 
109.7 ms 
30 ms 
0.99 s 
0.68 s 

3.01 min 

28.6 ms 

102.7 min 
0.49 ms 
2.25 min 
0.69 ms 

121.8 min 

74.4 ms 
74.1 ms 

5.03 min 

2.4 s 

47.5 ms 
0.74 ms 
3.58 ms 
45.9 ms 
0.42 s 
1.76 s 
28.9 ms 
68.3 ms 



13.33 ms H\ 



6.86 s 
461 s 
4.35 s 



280 
110 
280 
118 
284 
112 

0.516 s l\l 



110 
270 
112 
278 
111 
277 
112 



2.79 s 
0.121 ms 
240 s 



1.11 ms 



100 
270 
110 

152 M s 2 HS 
28.7 /is Hi 
70.98 min 2 Jf 

I. 96 ms HI 
0.94 ms HI 

II. 4 min HI 

271 
107 

65 ms H° 8 
1.66 s ?| 
2.52 s 107 
12.93 min 2 fg 
37.7 ms lf]l 
140.5 min HI 
1.49 ms ?g 
9.3 min JgJ 
1.63 ms \f & 
152.5 min \%% 
241 ms HI 
151 ms Hi 
7.36 min HI 
8.27 s Igi 
56.7 ms HI 
2.07 ms HI 
7.62 ms Ifl 
136.7 ms 10 4 
0.74 ms fit 
5.88 s HI 
72.4 ms HI 
195.0 ms 



1 1 on 


9Q me 
U.zy 111b 


^9 me 
U.OZ 111b 


1 9^ me 
l.ZO 111b 


1 1 70 


U.^O 111b 


1 O^i me 

-l.UO 111b 


3.63 ms 


Q fi8 
y.uo 


Q 44 a 

y .'-k'-k b 


fi1 ^ e 

Ul.U b 


Q9 ^ e 
yz.o b 


Q ^o 


f,A 7 c 


9^ 1 c 

ZO. 1 b 


47 ^ e 


Q ^8 


1 8 R c 

±O.U b 


QQ 8 e 

yy.o b 


1 ^8 4 e 

lUO.4 b 


8 Qf\ 

O.yU 


-i O ^ m i n 
O.UO 111111 


*±.\j 111111 


99 47 min 

zz.i t min 


i o Q(\ 
±u.yo 


9 OR me 
Z.UU 111b 


Q 88 me 
o.oo 111b 


14.1 ms 


i o 79 
iu. / z 


o.oy nib 


19^ ma 
l_Z.O 111b 


QO Q mc 

ou.y ms 


1 1 fi9 


OfiQ mc 

u.uuy nib 


19 me 
U.-1Z 111b 


409 me 
U.'tIUZ 111b 


q ^o 
y.ou 


1 8Q c 

±.oy s 


1 48 a 


P, fil a 
0.Q1 S 


i n fio 


A 0^ ma 

4:.UO 111b 


1 47 me 
_L .<-i t 111b 


9 ^ me 
Z.OO 111b 


11.10 


KJ . lllo 




1 f\^i m e 

_l.LIO 11113 


1 ^0 


3 . 6 T ms 


Q 84 me 

y.o^ nib 


9ft 8 me 
ZU.O 111b 


1 l.ZU 


QQ mc 

u.oo nib 


90 me 

u.zy nib 


Qfi me 

u.yu ms 


Q QO 


f\Q A me 

nib 


1 01 me 

_LU_L 111b 


AAA R me 
i ± L ±±.\J 111b 


1 fiO 


9 *34 me 

Z.04: 111b 


^\ i A m e 

O. / L ± 111b 


1 ^ 09 me 
-lO.UZ 111b 


i o 87 


1 1 9 m e 
1 . 1 Z 111b 


1 7Q me 

i . / y 111b 


5.86 ms 




4QQ a 
u.iyy b 


^8 e 

U.OOO b 


1 40 e 
_1 . L ±\J b 


q qo 
y.ou 


A /18 a 


1 A o 


9 09 e 
Z.UZ b 


8 90 
o.zu 


OA ^8 min 

Z'rl.OO 111111 


Q4 ^8 min 

y^.oo niiii 


1 40 ^ min 
11U.OO 111111 


8 8/1 
o.o^ 


oo. y s 


QQ e 

oy s 


1 44 ^ a 


1 1 Q9 


6.3 fis 


1 84 no 


9 1 MC 

Z. 1 fj,a 


Q 08 
y.uo 


Q 8fi C 

y.ou b 


4 e 


^ ^ e 
OO.O b 


8 10 


OQ 8 min 
ZO.o 111111 


O.OO 111111 


10 9 min 
1_U.Z 111111 


10 19 
1U. 1Z 


99 1 me 
ZZ.l 111b 


oz.y 111b 


119^ me 

iiz.o nib 


7 QO 
t .yu 


^0 min 
OOU 111111 


90^ min 
ZUO 111111 


787 min 

I O I 111111 


1 ^fi 


9fi me 
U.ZU 111b 


9 1 me 

Z.1U 111b 


9 fi4 me 

Z.U'l 111b 


7 ^0 

I .ou 


81 47 h 

O 1 . ^± i 11 


90 OQ n 
zu.uy ii 


Q1 QO n 
oi.ou n 


o.4y 


z. f U mm 


1.76 min 


6.43 min 


9.21 


1.99 s 


0.60 s 


0.77 s 


10.67 


1.03 ms 


1.52 ms 


4.45 ms 


8.49 


72.7 s 


76.8 s 


324.7 s 


9.01 


4.06 s 


10.9 s 


18.2 s 


9.80 


44.8 ms 


56.1 ms 


183.9 ms 


8.90 


4.09 s 


1.08 s 


1.35 s 


9.12 


0.89 s 


0.93 s 


3.38 s 


9.25 


380 ms 


103 ms 


120 ms 


9.46 


230 ms 


522 ms 


848 ms 


9.058 


1.57 s 


1.69 s 


5.19 s 



